Abstract Nine pentafluorosulfuranyl (SF 5 )-containing aromatic compounds have been characterized crystallographically. The SF 5 group has an umbrella geometry, and the sulfur atom in the SF 5 group is in an approximately octahedral coordination environment. All S-F bond lengths 
Introduction
The first organofluorine compound fluoroacetamide was reported in 1896; however, there is no exact information for its preparation [1] . Since then, more attention has been concentrated on the organofluorine compounds and the range of synthetic methods has increased greatly. Fluorocarbon compounds have been used as refrigerants since 1930s [2] , and the 'McMahon Act' has promoted the development of organofluorine chemistry since 1949 [3] . The toxicity of fluoroacetate and the biological activity of organofluorine compounds were discovered in 1943 [4] . The high activity of fluorouracil (5-FU or F5U), which was synthesized in 1950s, has showed that the biological activity can be significantly improved by incorporating fluorine atoms into molecules [5] . In recent years, the research into organofluorine systems has been in a golden period in the fields of biomedicine, pesticide, and so on; for example, 20 % of biomedicines and 30 % of pesticides contain at least one fluorine atom [6, 7] . The applications and importance of organofluorine chemistry have been highlighted recently in several reviews [8] [9] [10] [11] [12] . In particular, compounds containing the trifluoromethyl (CF 3 ) group or sulfurpentafluoride (SF 5 ) group have a key role in organofluorine chemistry due to their special properties such as low surface energy, hydrophobicity, high chemical resistance, high thermal stability, and electronegativity. Compounds containing fluorinated groups have been also used as materials, polymers, and organic superconductors [13] [14] [15] [16] [17] [18] . Although SF 5 -bearing aromatic compounds have been getting huge attention, their crystal structures have been sparsely reported. Herein, we report the X-ray structures of nine aromatic compounds bearing the SF 5 functional group and compare structural similarities and variations with each other or with other known X-ray structures.
collected by using a Rigaku SCX-Mini diffractometer (Mercury 2 CCD) at -148°C with graphite-monochromated Mo-K a radiation (k = 0.71,073 Å ) for compounds 1-4, 6, 7, and 9; a Mercury diffractometer (Mercury 70) at -148°C for compound 5, and the St Andrews Robotic diffractometer (Saturn 70 CCD) at -148°C [23-25] for compound 8. Intensity data were collected using x steps accumulating area detector images spanning at least a hemisphere of reciprocal space. All data were corrected for Lorentz polarization. Absorption effects were corrected on the basis of multiple equivalent reflections by semiempirical methods. Structures were solved by direct methods and refined by full-matrix least squares against F2 (SHELXL) [26] . These data can be obtained free of charge via www. 
Results and discussion
The chemical structures of nine aromatic compounds involved in this study are shown in Scheme 1. Crystals of compounds 1-9 suitable for X-ray crystallographic analysis were obtained by diffusion of hexane into a dichloromethane solution of the compound or by slow evaporation of a dichloromethane solution at room temperature in each case. The details of data collections and refinements for 1-9 are listed in Tables S1-S3 (see Supporting Information). Selected distances and angles are listed in Tables S4-S7 (see Supporting Information).
Compounds 1-9 crystallized in five different space groups: Cmcm, P2 1 /n, R-3, P2 1 /c, and P-1. The single crystal X-ray structures of compounds 1-9 are shown in [30] . The F eq -S(1)-C aryl -C aryl torsion angles in 4 and 6 are bigger than those in 5, 7, 8, and 9, twisting from 37.70(3) to 52.40(3)°in 4 and 37.70(3) to 52.20(2)°in 6 (Table S7) . Two nitrogen atoms deviate 0.004(6) and 0.007(6) Å from the C1-C2-C3-C4-C5-C6 mean plane in 4 and 0.011(5) and -0.008(5) Å in 6. The twisted angles between the N(2)-C(4)-C(3)-N(1)-C(8)-C(7) ring and two phenyl rings in 6 are 54.01(12) and 43.71(12)°. There are substituted phenyl ring(s) present in the structures of 6 and 8, and the dihedral angles between the SF 5 -bearing aryl ring plane and two phenyl planes in 6 are 43.68°and 53.95°; however, the SF 5 -bearing aryl ring plane in 8 is nearly coplanar with the phenyl ring plane with a small deviation of 2.66 [3. 71]°, indicating the big steric effect of the more substituted phenyl ring on the structural conformation.
The four equatorial fluorine atoms of the SF 5 group have an umbrella shape canting toward the fifth axial fluorine atom in all structures of 1-9 as previously reported for the SF 5 group [31, 32] . The F ax and S atoms in structure of 1 are perfectly coplanar with the aryl ring plane. While the observed deviations of F ax and S atoms out of the adjacent aryl ring planes in structures of 2, 3, 4, 5, 7, 8, and 9 range from 0.009 to 0.205 Å and 0.004 to 0.108 Å , respectively. One exception is the structure of 6, the S atom is coplanar with the aryl ring plane, and the F ax atom is 0.007 Å out of this aryl ring plane. The results may explain the relatively high dipole moment of the aromatic pentafluorosulfuranyl group SF 5 resulting in an additional component to the Fig. 3 Upper diagram displays clearly intermolecular C-HÁÁÁO, and the lower diagram shows the C-HÁÁÁF interactions and pstacking interactions in 2 overall dipole moment in the direction of the long molecular axis [33] .
Intramolecular and intermolecular interactions are significant features in pentafluorosulfuranyl-containing aromatic compounds. There are different kinds of interactions in 1-3, including strong and weak intramolecular interactions, strong and weak intermolecular interactions, and strong p-stacking interactions (Fig. 2) . Both intermolecular C-HÁÁÁ F ax and intermolecular C-HÁÁÁN interactions are observed with the distances of the HÁÁÁN and HÁÁÁF ax being 2.883(3) and 2.587(3) Å , respectively, in 1; these values are close to the sum of van der Waals radii (2.700 and 2.550 Å ) (Fig. 3) . Each layer sheet contains intermolecular interactions. However, no intermolecular interaction is observed between the layers which are parallel with an interlayer distance of 3.432(4) Å (Fig. 2) .
It is worth noting that two strong intermolecular O-HÁÁÁO interactions with the HÁÁÁO distances of 1.650(6) and 1.680(6) Å are observed between 'Head-to-Head' pairs of molecules in 2 (the upper diagram in Fig. 3 Furthermore, the molecular sheets are linked by several weak intermolecular interactions: HÁÁÁS distances range from 3.623(1) to 4.321(1) Å , HÁÁÁF eq distances are 2.678(2) and 2.870(2) Å , and HÁÁÁF ax distance is 2.896(3) Å . The layers are packed by the weak intermolecular C aryl -HÁÁÁF, C aryl -HÁÁÁS, and C aryl -HÁÁÁO interactions (*3.00 Å ) as shown in Fig. 3 (the lower diagram) .
The packing network for 3 is shown in Fig. 4 , the 'Headto-Head' molecules and 'Tail-to-Tail' molecules are spirally arranged by the weak intermolecular C aryl -HÁÁÁO [2.852(4) and 2.922(4) Å ], C aryl -HÁÁÁF eq [2.551(4), 2.649(3) and 2.929(4) Å ], C aryl -HÁÁÁF ax [2. 619 (4) and 2.920(4) Å ], and C aryl -HÁÁÁS [3.564(4) Å ] interactions. Interestingly, though there is no distinct conventional intramolecular hydrogen bonds in 1-3, the intramolecular interactions between the equatorial fluorine atoms and aromatic hydrogen atoms are found to be very strong, in which the HÁÁÁF eq distances are close to the sum of the van der Waals radii (2.550 Å ). The intramolecular interaction distance of the F eq atoms and the ortho-aromatic hydrogen atoms is 2.517(2) Å in 1. The intramolecular HÁÁÁF eq interactions with distances of 2.471(3) to 2.648(3) Å keep the equatorial fluorine atoms staggered relative to the aryl plane in 3.
The strong intramolecular C aryl -HÁÁÁ F eq interactions might have some influence on the stability of aromatic-SF 5 group. In 4, the intramolecular F eq ÁÁÁH aryl interaction distances are 2.390 (3) The intermolecular interactions such as the weak C methyl -HÁÁÁN, C methyl -HÁÁÁF, and C aryl -HÁÁÁF interactions can combine in different ways to give a variety of packing networks. In 4, the intermolecular HÁÁÁN interaction distance of 2.744(3) Å is very close to the sum of van der Waals radii [2.700 Å ] leading to a layer framework; the intermolecular C methyl -HÁÁÁF ax interaction distance of 2.876(2) Å is longer than the sum of van der Waals radii of hydrogen atom and fluorine atoms [2.550 Å ], but there are other interactions between layers, C methyl -HÁÁÁN interaction, intermolecular C methyl -HÁÁÁF eq , and C aryl -HÁÁÁF eq interactions Å which build up the 3-D packing network in a zipper-like fashion in 4 (Fig. 6, the upper diagram) . In 6, the HÁÁÁN distances [2.715(3) and 2.661(2) Å ] are similar to the HÁÁÁF eq interaction distance [2.793(2) Å ]; the intermolecular C aryl -HÁÁÁF eq bonds [2.848(2) and 2.959(2) Å ] and the C aryl -HÁÁÁF ax interactions [2.852(3) and 2.953(2) Å ] are almost identical in the packing arrangements due to the two phenyl rings twisting on the quinoxaline ring (Fig. 6 , the lower diagram).
The (Fig. 7) .
A variety of slightly different intermolecular interactions and p-stacking interactions build up the packing arrangement, and the relevant data are listed in Table S7 . The multi-sheeted supramolecular assemblies in 5 and 8 are formed by the strong intermolecular C aryl -HÁÁÁN interactions in conjunction with a series of the weak intermolecular C aryl -HÁÁÁF, C aryl -HÁÁÁO interactions, and pstacking interactions (Fig. 8) . One p-stacking interaction is observed in the supramolecular assembly with centroidcentroid distance of 3.832 Å in 5 (Fig. 8, the upper (Fig. 8, the lower diagram) . The 'zigzag chain' polymeric network is built up with 'Head to Tail' linked by the weak intermolecular C aryl -HÁÁÁN and C aryl -HÁÁÁF eq interactions. The p-stacking interaction between the aryl rings at (x, y, z) and (-x, -y, 2-z) position in 8 has a centroid-centroid distance of 3.774 Å with an angle of 2.46°; meanwhile, the p-stacking interaction between the aryl rings at (x, y, z) and (?x, ?y, ?z) position has a centroid-centroid distance of 3.873 Å with an angle of 4.06°; the other two have the centroid-centroid distances of 3.708 and 3.835 Å with the corresponding dihedral angles of 9.02 and 3.19°. Significant intermolecular interactions can be observed in the same layer in 8; the C aryl -HÁÁÁN interaction distance is 2.429 Å , which is significantly shorter than the sum of van der Waals radii of hydrogen atom and nitrogen atom (2.800 Å ). There are also some weak intermolecular C aryl -HÁÁÁO and C aryl -HÁÁÁF eq interactions present within one layer.
The intermolecular C aryl -HÁÁÁO-N interaction distances [2.470(9) Å ] in 7 are shorter than those in 9. The intermolecular C aryl -HÁÁÁO (1) (Fig. 9, the upper diagram) . In 9, there are some weak intermolecular C alkyl -HÁÁÁO/Cl interactions and a strong intermolecular C alkyl -HÁÁÁO = C [2.183(4) Å ] interactions present in the layers; meanwhile, the 'Head-toHead' and 'Tail-to-Tail' molecules lead to the packing arrangement in a 'zipper' form, in which the intermolecular OÁÁÁH interaction distances range from 2.737(4) to 2.829(5) Å within one layer (Fig. 9, the lower diagram) . 
Conclusion
In summary, a series of organoaromatic compounds bearing the pentafluorosulfuranyl group (SF 5 ) have been studied crystallographically. The S-F bond lengths in these compounds are very similar ranging from 1.572(3) to 1.618(3) Å with very close C-S-F ax bond angles [178.94 (14) to 180°], and the angle of two adjacent F eq is approximately 90°. A range of intramolecular/intermolecular interactions are observed in these structures due to the presence of O/N/Cl/F atoms in the structures. In particular, the F eq ÁÁÁH-C aryl intramolecular interactions [2.385-2.703 Å ] fall within the sum of van der Waals radii [2.550 Å ]. 
